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ABSTRACT 
Phosphate Requirements for a Whey-Based Lactic Bacteriophage 
Resistant Medium Under pH Control 
by 
Napasri Ausavanodom, Master of Science 
Utah State University, 1974 
Major Professor: Dr. Gary H. Richardson 
Department: Nutrition and Food Sciences 
Five strains of lactic cultures and their homologous bacteriophage 
viii 
races were examined for response in a whey-based medium under pH control 
and fortified with zero to two percent levels of added orthophosphates. One 
percent each of culture and phage was inoculated into each medium, which was 
incubated at 25 C and continuously neutralized at pH 6. 3 with 20 percent NH
4
0 H. 
Growth response in media was compared against growth in non fat dry milk and 
a commercial phage inhibitory medium (Marstar). 
The whey-based medium which had been frozen and thawed provided 
more effective growth response and greater phage protection than freshly pre-
pared whey-based medium. Strain #3 grew optimally and was protected 
against phage inhibition with an added phosphate concentration of 0. 5 percent 
whereas 0. 7 percent was the required concentration in fresh whey-based 
medium. 
One strain grew optimally and was protected against inhibition in only 
0. 5 percent added phosphate in the fresh whey-based medium. Two strains 
ix 
required 0. 7 to 0. 75 percent and two required 1 percent. All five produced 
acid more rapidly in whey-based medium than in the milk or phage inhibitory 
medium controls. Phage inhibitory medium which was stored for four years 
at 25 C supported culture growth as effectively as two month old medium. 
(61 pages) 
INTRODUCTION 
It is a known fact that for some years "phage" has been numeric-
ally the most important cause of slow starter, especially in a case where 
total cessation of starter growth occurs. If a phage attack on a starter 
culture is successful, it may completely stop the acid development; and 
until a fresh strain of lactic acid streptococcus succeeds in establishing 
itself, acidity may not develop again. Another possibility for acid develop-
ment occurs when a few phage resistant cells from the original strain ulti-
mately resume growth (13). 
++ It has been established that a divalent metal, particularly Ca , is 
necessary for the proliferation of bacteriophage. This presented a real 
problem to the dairy bacteriologist because the traditional media for lactic 
cultures have been milk or whey-based blends, both of which are rich 
++ 
sources of Ca (1, 10, 28). Special attention has been given to the calcium 
requirements of lactic phages, because of the economic importance of starter 
failures in making cheese and other cultured dairy products (10, 35). 
Some bacteriologists have demonstrated the value of adding phosphate 
salts to such media. ++ Phosphates strongly bind the Ca making them unavail-
able and bacteriophage cannot attach to the cell. Most phage types tested were 
suppressed by 2 percent orthophosphate salt but the most resistant types re-
quired 3 percent without pH controlled conditions (10, 23, 24, 40). 
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Phosphate-treated whey medium (P. W. M.) has been shown to sup-
port growth of lactic cultures and prevent bacteriophage proliferation. Com-
parisons were made of a commercial phage inhibitory medium (PIM), re-
constituted non-fat dry milk (NDM) and PWM. The results showed that PWM 
with 2 percent phusphate inhibited all phages tested and stimulated starter 
growth (5). 
Because of its relative low cost and availability, whey appears to 
be possibly the most useful medium for the production, by continuous fermentation 
of lactic streptococcal culture (38). 
In all experiments previously mentioned, each medium had an effect 
on culture growth and prevented streptococcus phage proliferation when used 
with at least 2 percent phosphate and without pH controlled conditions. 
The purpose of this research has been to find the optimum phosphate 
++ 
concentration that will adequately bind Ca under pH controlled conditions 
and will inhibit bacteriophage proliferation in a whey-based medium. 
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REVIEW OF LITERATURE 
Problems Caused by Bacteriophage (phage) in the Dairy Industry 
It is now generally recognized that "retarded acid production" in 
cheese manufacture is commonly due to the destruction or inhibition of acid-
producing starter streptococci in the milk and curd caused by bacteriophage 
(phage) action (2, 4, ,25, 53, 55). Not only does phage infection disrupt the 
carefully timed schedules in cheese factories and cause "slow" or "dead" vats, 
"but it may also lead to undesirable fermentations with consequent abnormal 
fruity, rancid, and putrid flavors. Excessive gas formation is also a result 
of insufficient lactic acid production. A normal and vigorous lactic acid fer-
mentation protects the product from growth and development of undesirable 
microorganism, such as pseudomonads and Staphylococcus aureus (18, 49). 
Mechanism of Phage Multiplication 
Multiplication of lactic phages occurs in four steps: adsorption, 
invasion, latent period, and lysis. 
Adsorption. Adsorption describes the attachment of phage to the host 
bacteria. The rate of adsorption depends on two steps: 
First is the frequency of collision (between phage and the cell) which 
is proportional to 
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1) The concentration of both phage particles and bacterial cells. 
2) The diffusion constant of phages. 
3) The electrostatic attraction between phage and bacterial cell. 
Second is the possibility of forming bonds which depends upon the chemical 
structure of the surfaces of both phage and cell. 
Type of adsorption: Adsorption can be either: 
1) Reversible adsorption of phages does not require energy from the 
cell and also does not need specific ion requirements. 
2) Irreversible adsorption requires a favorable cation concentration 
+ ++ 
such as Na and Ca and the mechanism of this is unlmown. 
Invasion: Invasion is whe_n dioxyribonucleic acid (DNA) passes from 
phage head through the tail into bacterial cell (14, 19). 
Latent period: The latent period involves the time during phage 
reproduction within the bacteria cell; under optimum conditions this period 
takes about 40 min (11). 
Lysi~: Lysis describes rupture of the cell. Burst size describes an 
average number of phage particles released per infected host cell, usually an 
average 50 to 150 particles (19). 
With various lactic phages there are differences in latent period and 
burst size, resulting in differences in multiplication rate. The action of 
bacteriophage on a single strain culture is drastic and obvious, with the 
bacteria multiplying by only doubling in number about every 40 to 45 min, 
whereas the bacteriophage multiplies about 100-fold every 45 to 50 min (11, 
14, 19). 
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Properties of Streptococcal Phages 
Electron micrographs of the bacteriophages attacking the bacterial 
host cell have been taken (14, 19, 36). Phage particles were sperm-shaped. 
The average dimensions observed were as follows: diameter of head, about 
70 nm; length of tail, 150 to 160 nm; width of tail, 20 nm; and over-all length, 
220 to 230 nm (6, 11, 18, 19, 36). 
Some phage strains will not reproduce in synthetic media deficient in 
calcium although the host develops satisfactorily under the same conditions. 
Other factors which encourage phage adsorption include yeast extract, potassium 
phosphate, potassium chloride, sodium chloride, calcium chloride, magnesium 
sulphate and sodium acetate (9, 18). Phage may tolerate a pH as high as 11 
and as low as three without inactivation (19). 
Although most phage strains developed more readily at 30 than at 22 C, 
some phage strains developed as well at 22 as at 30 C, some developed more 
readily at 37 C than at lower temperatures and still others were completely 
inhibited at 37 C (18). 
Destruction of Phage 
Phages are more difficult to destroy than their host cell. Whitehead 
and Hunter, working with nine phage races, reported that "thermal death 
points" were in the region of 70-75 C (half hour exposures at pH 6) (52). 
Phage thermo-resistance increases significantly with phosphate, CaC1
2 
and 
6 
whey solids concentrations. Thermo-resistance was highest at pH 6, inter-
mediate at pH 7, and the lowest at pH 8 (16, 56). 
Phage can be inactivated by various germicides. Comparisons of the 
effect of dichloroisocyanuric acid, hypochlorite, chlorine containing compounds, 
phosphoric acid wetting agent, iodophor and quarternary ammonium compounds 
have been studied. The results showed that chlorine-containing compounds, 
when applied as an aerosol at sufficiently high concentration, proved to be the 
most effective agents for the control of bacteriophages in air and on building 
and equipment surfaces (46 ). 
Sources of Phage 
It might be expected from the nature of cheese making, that whey is 
easily the most important source of phage. It is introduced by air contamina-
tion to equipment, walls, ceiling, dust, floor and may even be carried on hands 
and clothes of workers. There is thus a possibility of phage contamination 
when culture milk has been exposed to air (12, 13, 50, 51, 53). 
Elimination of Phage 
Three methods to eliminate phage from fresh whey were reported by 
Whitehead and Hunter (55). 
1) Pasteurization of the whey at 190 F for a few seconds immediately 
after removal from the cheese vat. 
2) Treatment of the whey with chloride of lime (27-30 percent 
available chlorine). 
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3) The use of a series of mixed single-strain starters in daily rotation 
in the cheese factory. 
All three methods proved practicable, but the third method is pre-
ferred because it costs less, whereas the first two methods involve a regular 
additional cost in steam or chloride of lime (55). 
Other attempts to eliminate culture failures due to bacteriophage 
(3, 53) include 
1) Destruction of air-borne bacteriophage (the possibility of starter 
becoming contaminated by wind-borne droplets) by spray treatment with dis-
infectants. 
2) Protection of cultures in the factory by the use of airtight containers, 
fitted with a small cotton-plugged opening through which the milk could be 
inoculated. 
3) Preparation of the culture in a separate building. 
Detection of Phage Contamination in Starter 
There are primarily two methods for checking the condition of bulk 
starter (54): 
1) A sample is taken with a sterile 1 ml pipette. Three drops from 
the end of the pipette are put into a culture tube containing 10 ml of sterilized 
skim milk. The tube is inoculated at 22 C. If the skitn milk fails to clot 
within 24 hr, it is presumptive evidence that the starter in the can was infected 
with phage. 
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2) A sample is taken and a tube of milk inoculated as before, but the 
tube is incubated at 37 C instead of 22 C. Slides are prepared from the sample 
at intervals, and are strained and examined under the microscope. It can thus 
be determined positively whether lysis of the organism occurs within 6 or 7 
hr (the period during which the starter is required to produce acid in the 
cheese vat. ) 
If phage or any other inhibitory substance is suspected in cheese 
manufacture, the way to distinguish between inhibitory substance and phage 
is as follows: A tube of the material suspected to contain an inhibitory sub-
stance may be heated to boiling for 5 min and some of it is then added to a 
tube of milk inoculated with starter culture. If the inhibitory substance is 
phage, it will be destroyed by boiling. If it is an antibiotic, such as penicillin 
or antibiotics produced by other lactic streptococci, it will survive heating and 
inhibit acid production (18). 
++ 
Effect of Ca on Phage Proliferation 
Calcium is necessary for the multiplication of lactic bacteriophages 
because it is required for complete adsorption and penetration of the phage 
into the bacteria cell. The importance of calcium in the development of 
streptococcal phages has been established (10, 41 , 44). Shew and Reiter, 
using a smear technique, observed that the addition of calcium chloride to 
solid media resulted in improved plaque formation by several strains of 
lactic streptococcal phage (42, 45). Cherry and Watson reported that 0. 005 to 
9 
0. 05 M CaC12 was stimulatory to proliferation of the one strain of bacterio-
phage studied on a yeast extract, tryptone, glucose medium without buffer (7). 
Plaque formation by 11 strains of lactic streptococcus bacteriophage 
was found to be stimulated by the addition of chloride to the plating medium. 
However, the different bacteriophage strains were not stimulated to the same 
extent by adding calcium. The various strains required different minimum 
concentrations of calcium for optimal proliferation in a calcium-deficient 
medium and these ranged from 2. 7 x 10-4 to 1. 7 x 10-3 M added calcium ion 
(39, 40). 
Development of Phage Media 
Many recommendations have been made to limit phage entrance into 
cultures and to decrease its activity. Some steps have been taken toward de-
creasing culture failures. These include careful culture selection, better 
sanitation programs, culture rotation and propagation of mother cultures as 
well as preparation of intermediate and bulk cultures in a relatively bacterio-
phage-free area. Unfortunately, these methods have not entirely limited the 
problem. The dairy industry is trying to find a medium which would support 
good growth of lactic cultures but would not permit phage development. The 
addition to a medium such as milk of some non-toxic substance capable of 
preventing bacteriophage development, but which would permit good growth of 
the culture organisms, would also have possibilities (4). 
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Media which were lacking in calcium and which supported growth of 
lactic cultures were developed by Potter and Nelson (40) and Doull and 
Meanwell (17). 
Reiter developed the first commercial phage resistant medium, 
designated PRM in England. Through ion exchange, calcium was removed 
and replaced by a non -essential ion. In the process, essential elements 
were apparently removed because several of the cultures did not grow well 
ir. PRM.(4, 11). When several Beparate strains are to be mixed daily to form 
the starter, or when strains are to be used in a daily rotation, it is essential 
to take additional precautions to eliminate or avoid those lysed by phages 
carried by lysogenic strains (42). 
The Role of Phosphate in the Medium 
A cheap, easily prepared and relatively uniform agar medium, 
containing beef extract, lactose, peptone, yeast extract, and phosphate was 
demonstrated by Hunter (26). It gave excellent results with lactic streptococci 
and good growth with many other organisms. Hunter reported that the role 
of phosphate was due partly to its buffering effect and partly to its combina-
tion with some constituents of agar to form a substance which had a growth-
promoting action on the lactic acid bacteria (26). 
Kadis and Babel added phosphate mixtures to fresh skim milk or 
reconstituted skim milk (10 percent) to make the final solution contain 2 per-
cent phosphate. 
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a. Mixture contained 36 g KH PO + 24 
0
P" Na HPO in 100 ml mix-~ 4 2 4 
ture had prevented phage development in three out of nine starter cultures 
and four of the six cultures developed slightly less bacteriophage. 
b. Mixture 30 g KH2 PO 4 + 30 g. Na2
HPO 
4 
in 100 mi. 
c. Mixture 20 g. KH2Po4 + 40 g Na 2
HP0
4 
in 100 ml. 
Because coagulation occurred after sterilization, the following mixtures 
were considered impractical and no further experiments were conducted with 
them. 
d. Mixture 40 g. K2HP04 + 20 g. NaH2
Po
4 
in 100 ml. 
e. Mixture 48 g. K2HPO 4 + 12 g. Na2
HPO 
4 
in 100 ml. 
All of the bacterial population were greatly decreased and in-
hibited by these mixtures. The results showed that simple addition of 
phosphate to milk was not enough to produce a suitable medium that would 
inhibit phage yet still allow satisfactory bacterial growth (27). 
Phage Resistant Culture Media 
Basically all of the phage-resistant media on the market today are 
based on the fact that calcium is essential for adsorption of phage to the 
bacterial cell. Without adsorption, phage multiplication does not occur. 
Therefore, a culture medium that is devoid of calcium, or in which the cal-
cium is bound, gives protection against phage (44). 
Hargrove et al. studied the binding of calcium in mHk and the effects 
of various phosphate salts on bacteriophage proliferation in milk cultures. 
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Their work showed that bacteriophage was most greatly inhibited by ortho-
phosphates, most being successfully suppressed by 2 percent orthophosphate 
and the most resistant phages requiring 3 percent. In order to sufficient y bind 
most of the free calcium, it was necessary to heat the milk after adding phos-
phate. The effectiveness of the phosphated milk increased with the pH of the 
phosphate buffer and milk between pH 6. 4 to 7. 0. More often than not, the 
free calcium content of treated milk ranged from 10 to 30 ppm (23, 24). 
It was discovered that the best combination for phage inhibition, 
minimum precipitation, and economy was obtained when milk was heated with 
1. 7 percent orthophosphate salt, pH 6. 6, followed by the addition of 0. 3 percent 
pyrophosphate. In fact, it was so effective that 13 different lactic strains, 
severely contaminated with their respective phages, were completely void of 
tl:-..a.t phage within three to four subcultures in phosphated milk. In most in-
stances, the activity of the cultures in phosphated milk was as great or greater 
than in the controls (23, 24). 
Zottola and Marth (57) studied the dry-blended phosphate-treated 
milk media for inhibition of bacteriophage. Various combinations of mono-
and di-basic orthophosphates were dry-blended with yeast extract, non-fat dry 
milk (NFDM) and the combinations of NFDM and electrodialyzed whey (EDW). 
As a result of their study, three combinations were found that would inhibit 
most or all of the phages tested. 
1) A 3:2 mixture of NFDM and EDM with a 2 percent orthophosphate 
concentration (reconstituted basis) consisting of a 1:1 ratio of Na
2
HPO 
4 
and 
KH2Po4• 
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2) A 4:1 mixture of NFDM and EDW with a 2 percent orthophosphate 
concentration (reconstituted basis) consisting of a 1:1 ratio of Na
2
HPO 
4 
and 
NH4H2Po4• 
3) A 4:1 mixture of NFDM and EDW with a 2 percent orthophosphate 
concentration (reconstituted basis) consisting of 1:1 ratio of NH
4
H
2
PO 
4 
and 
(NH4)2HPO 4• 
All of the mixtures contained 0. 32 percent yeast extract (reconstituted 
basis). The first two formulas inhibited five of six phages examined, whereas, 
the third effectively inhibited all six. None of the three mixtures was inhibitory 
to the bacterial cell. The results showed that at least 2 percent concentration 
of orthophosphate salts was necessary to eliminate the action of phage without 
pH control and if the phosphate concentration was as low as 1. 6 percent, the 
medium could not inhibit the phage at all. 
Recently, a new phage inhibitory medium (PIM) has been available to 
the dairy industry. This medium called "Marstar" or "Culture Mate" has 
been reported to inhibit development of lactic phages through the calcium 
sequestering action of phosphate salts. It is a scientifically blended combina-
tion of a high grade NDM, demineralized whey powder, certain phosphate salts, 
extracts and growth stimulants (dried pancrease extract) (25, 31). 
This PIM prevented phage proliferation and eliminated phages from 
infected cultures with three transfers. Single strains of streptococcus lactis, 
§.. cremoris and§.. diacetylactis grew well in the medium. Some species of 
Leuconostocs did not grow well (25). 
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Recent modifications have included incorporation of dextrins and 
dextrose into "Marstar M.S. M." which has the same ability as Marstar (32). 
The Use of Whey for Lactic Acid Fennentation 
The development of new uses for whey in starter would do much for 
the dairy industry in reducing waste disposal costs and in making better use of 
the following valuable whey nutrients: 
Lactose 
nitrogenous compounds 
ash 
fat 
lactic acid 
water 
4. 90 percent 
0. 90 percent 
0. 60 percent 
0. 30 percent 
0. 20 percent 
93. 00 percent 
The use of spent whey for preparing starters, especially in Italian 
and Swiss cheese factories, has been practical for years. If whey starters 
are properly prepared and maintained in good condition, they will produce 
cheese of a very high quality (19, 43). 
Concentrated Cultures of Lactic streptococci 
In the dairy industry intermediate frozen culture concentrates can be 
supplied in an active form to eliminate the requirement for regular transfer of 
cultures in the dairy plant. This decreases many problems involving culture 
activity and bacteriophage contamination. Culture concentrates can be made 
by controlling the pH of the medium. This process is desirable to obtain the 
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largest number of cells possible that will actively grow and produce the desired 
metabolic products when added to the milk. The concentrate can be preserved 
in liquid nitrogen by freezing (8, 29, 37, 38), However, such culture concen-
trates for replacement of bulk cultures appear economically impractical. 
Factors Mfecting the Growth Rate of Organisms 
Under pH Control 
studies involving pH-controlled fermentations in milk and whey have 
provided the following information about the growth rate of lactic streptococci. 
Effect of pH 
Linklater and Griffin found that the number of bacteria in milk reach 
an equilibrium with the acid-concentration at any operant pH. They also 
reported that the rates of production of bacteria and acid could be further 
increased by altering the medium to allow a higher lactic acid concentration 
through addition of alkali to the medium (30). 
Cogan (8) reported the optimum pH value for the growth of three 
strains of lactic streptococci was between 6. 4-6. 5. Pont and Holloway (38) 
found that the optimum pH value for growth of§.. lactis was 6. 3. 
Effect of temperature 
Cogan suggested that continuous cultivation should not be conducted at 
temperatures above 27 c. The growth of three strains in his study evaluated 
was 26-27 C (8). 
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Effect of aeration 
It has been "feported that agitation depressed the growth rate of 
Streptococcus lactic C10 in whey (38). Similar results have been found in 
milk. It was noteworthy that either stirring or sparging with air significantly 
affected the growth rate of§_. ~ C10. Hydrogen peroxide is produced 
during agitation in the presence of oxygen in broth and milk. By preventing 
hydrogen peroxide accumulation, ferrous sulfate and catalase stimulated the 
growth of aerated milk cultures of lactic streptococci (21). 
Effect of Co2 and N2 
Linklater reported that stirring inhibited the growth of test culture, 
S. lactis C10 at pH 6. 0, but the inhibitory effect was reduced and culture grew 
satisfactorily when the milk was spraged with 5 percent co
2 
in N
2 
or with N
2 
alone in order to prevent H
2
o
2 
formation (30). 
Another effect is obtained from nutrient salts and growth factors such 
as yeast extracts. The rate of lactic acid production was increased when yeast 
extract concentration was changed from 0. 0 to 0. 7 percent (29). Pont and 
Holloway (38) found that the highest counts, exceeding 5 x 1010 per ml were 
obtained in cheese whey fortified with yeast extract and tryptone. It was esti-
mated that with unfortified whey a fermenter with a volume of 420 gallons using 
8, 000 to 9, 000 gallons of whey per day would be required for the continuous 
production of concentrated starters at the rate 130,000 gallons per year. With 
fortified whey, the fermenter volume could be as low as 25 gallons and the rate 
of whey utilization 800 gallons per day. 
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Effect of added neutralizer on population 
The neutralizer used for automatic pH control was also found to influ-
ence the maximum obtainable population of lactic streptococci. The cultures 
were grown in the tryptone-yeast extract broth at pH 6. 0 with either 20 percent 
NH40H or 20 percent NaOH as the nautralizer. The populations produced with 
NH40H neutralizer were two times greater than those produced when NaOH 
was the neutralizer. The time required to reach maximum populations in all 
cases was significantly less when NH40H was used. Acid production continued 
longer however, when NaOH was the neutralizer (37). 
The higher counts obtained with NH40H as the neutralizer may have 
+ 
been due to NH4 being stimulatory to the cultures (22, 48). The NH3 
may 
have raised the intracellular pH more rapidly than NaOH thus allowing a more 
optimum pH for all growth, resulting in a higher population which was achieved 
in a shorter period of time. The ammonia could also serve as a nitrogen source 
for certain metabolic reactions such as the formation of glutamic acid or 
+ glutamine. Another possibility is that Na has been found to inhibit the growth 
of the cultures (47). 
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EXPERIMENTAL METHODS 
Lacti~ Streptococci and Homologous Phage Filtrates 
Five strains of Streptococcus lactis or~· cremoris, along with their 
homologous phage races, were obtained from D.P. L. Culture Service, 1750 
Folsom St., San Francisco 94103. These were identified by numbers 1, 2, 
3, R-1 and KH. All cultures were maintained in 100 ml of 10 percent (W /v) 
sterilized (121 C for 15 min) reconstituted NDM (Extra grade A). They were 
transferred weekly, using a 1 percent inoculum and then incubated at 30 C for 
7-8 hr or at 22-24 C for 15-16 hr. Each strain was transferred one day prior 
to conducting an experiment. After incubation 8 ml of the culture was placed 
into a 1000 ml fermentation flask and kept in the freezer for use within 2-3 
days. 
Phage filtrates were prepared as outlined by Cheng (5). The phage 
titer was determined by using the dilution end point method in sterile litmus 
milk (20). 
Preparation of Whey-Based Medium with Varying Amounts 
of Phosphates 
The ingredients of the stimulatory blend for addition to whey in the 
preparation of the whey-based medium were calculated from the following 
ingredient list: 
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Ingredients Parts/100 
NaH2Po4 44.4 
Na2HP04 42.2 
Ardamine "YES"1 8.66 
N Z amine NAK2 4.33 
MgS04 0.2165 
FeS04 0.0433 
:.vrnso 4 0.0433 
~aCl 0.0433 
Total 99.9364 
The above listing provides for two percent added phosphates when 
3 
added to whey at a level of 2. 32 to 100 parts whey. Since zero to two percent 
phosphate levels were required for this study, a phosphate-free stimulant 
blend was prepared by mixing all ingredients except the two phosphate salts. 
Courser trace e~ement powders were preground in a mortar and pestle prior 
to dry blending. 
1 
Ardamine "YES" or Autolyzed yeast extract powder by Yeast 
Products Inc., 455 Fifth Avenue, Paterson, N.J. 
2 
Type NAK, Lot No. 90Kll, Sheffield Chemical A Division of Kraftco, 
R. D. 3, Oneonta, N.Y. 
3
Hi-Land whey powder, spray process; Extra grade edible. Hi-land 
Dairy, 700 Vine St. , Murray, Utah. 
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Table 1. Ingredients required for stimulant blend after calculation 
In mixture 
Ingredients 1000 ml 4000 ml 
NaH2Po4 10.2605 41.0420 
Na2HPo4 9.7521 39.0084 
Ardamine "YES" 2.0012 8.0048 
N.Z Amine K' 1.0006 4.0024 
MgS04 0.05 0.2 
FeS04 0.01 0.04 
Mnso4 0.01 0.04 
NaCl 0.01 0.04 
Whey (dehydrated) 72 288 
Water 904.9 3619.6 
Two percent added phosphates 
Whey-based medium 1000 parts use NaH
2
PO 
4 
== 10. 2605 parts 
" " " 800 " " " tr == 10. 2605 X 800 
1000 
== 8. 2084 
" 
" 
use Na2HPO 4 = 9. 7521 x 800 parts 1000 
== 7.8016 If 
One and one-half percent added phosphates 
Phosphate levels 2 percent use NaH
2
Po 
4 
= 8. 2084 
" " 1.5 " " II " = 8.2084x 1.5 
2 
= 6. 1563 
use Na2HPO 4 = 7. 8016 x 1. 5 
2 
= 5. 8512 
parts 
" 
" 
II 
II 
The calculations for the other phosphate concentrations shown in 
Table 2 were made in a similar manner. 
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Table 2. Quantities of mono and di phosphates added to 800 ml of whey-based 
medium 
Phosphate concentration 
(percent) 
2.0 
1.5 
1.0 
0.75 
0.5 
0.25 
0.0 
8.2084 
6.1563 
4.1042 
3.0782 
2.0521 
1. 0266 
0.0 
Amount of Adding (gm) 
7.8016 
5.8512 
3.9008 
2.9256 
l. 9504 
0.9752 
o. 0 
22 
Preparation of Frozen- Thawed and Fresh Media 
Frozen-thawed medium 
The stimulant-whey blend was prepared in a 4000 ml stainless steel 
vessel by reconstituting all ingredients except phosphate in distilled water. 
Eight hundred mililiters were transferred into each of four sterilized 1000 ml 
Erlenmeyer flasks each equipped with magnetic stirring bar. Then the desir-
able amount of phosphate was added. Each flask of Phosphated-Whey-Medium 
(PWM) was covered with aluminum foil and steamed at 88-90 C for 45 min in 
1 
an autoclave . After heat-treatment, the flasks were cooled immediately in a 
cold water bath and transferred to the freezer for use within 2-3 days. 
Non-fat dry milk (NDM) rehydrated to 10 percent solids (W /v) was used 
as the control and was prepared in the same manner. The frozen medium was 
thawed, warmed to 22-25 C and poured into the flask containing the frozen-
thawed culture (pre-measured to provide a 1 percent inoculum). Then 1 percent 
of phage filtrate was added and the mixture was incubated along with the PWM 
at 25 C and evaluated for culture growth. 
Fresh medium 
Whey-based medium and 10 percent NDM medium were prepared in 
the same manner as the frozen-thawed medium but they were used immediately 
without freezing. 
1 
Sentry "220" sterilizer, Straight-line Model with automatic temper-
ature control. 
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Continuous Culture Growth Using pH-Recorder Control 
The Sargent-Welch pH-recorder1 was calibrated as follows: 
1) The temperature control was adjusted to the room temperature 
(25 C). 
2) The combination electrode was standardized with two buffer 
solutions for example at pH 4. 01 and 6. 86. 
3) The pH displacement controls were set at pH 4. 6 and the span 
switch set at 2 (pH range 4. 6 to 6. 6 on the chart paper). 
4) Precautions were taken to eliminate bubbles in the glass and 
rubber tubing delivering the base. 
5) The base delivery tube and electrode were rinsed with sterilized 
distilled water before being placed in the fermentation flask. 
When the medium was ready for use it was placed on the magnetic 
stirring unit, 
2 
and the speed was adjusted the same rate for every experiment. 
The electrode was placed in the fermenter to measure the initial pH of the 
medium; the base tube was then introduced into the medium flask, and the pH 
was recorded to detect any base added initially and subsequently. If the pH of 
the medium dropped below the control pH of 6. 3, the necessary amount of base 
would be added to automatically maintain the pH somewhere above 6. 3. 
1
Recorder and Titration Accessory, Model PHR S-30200, 8-30200-02 
from Sargent-Welch Scientific Company, 7300 North Linder Avenue, Skokie, 
illinois 60076. 
2
Fermentation base with magnetic stirring unit. Fermentation 
Design Inc., 726 North Graham Street, Allentown, Pa. 18103. 
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Overneutralization never raised the pH above 6. 6 The culture was incubated 
at room temperature (25 C) until it produced enough acid which would bring the 
pH of the medium down. As soon as acid brought the pH of the medium down 
to 6. 3, the necessary amount of base was automatically added to neutralize 
the acid and raise the pH back up again. This meant that the pH was controlled 
at 6. 3. 
The pH-recorder was used only with culture #3 along with its phage 
race and 20 percent NH40H (v/v) was used as a neutralizer. Because only one 
sample could be tested at any one time, a pH indicator was used with other 
cultures. 
Continuous Culture Growth Using pH Indicator Control 
Two percent and zero percent phosphate of whey-based medium with 
0. 015 percent Bacto brom cresol purple was prepared and reconstituted with 
distilled water. The 2 and 0 percent blends of the whey-based medium were 
blended to produce 1. 0, 0. 75, 0. 5 and 0. 25 percent phosphates in the 
rehydrated whey-based medium. These were steamed at 88-90 C for 45 min. 
After heat-treatment, the media were cooled to 22-25 C, 10 ml were pipetted 
into sterilized test tubes, inoculated with 1 percent each of culture and phage 
filtrate and were incubated at room temperature (25 C). 
A commercial phage inhibitory medium (PIM) "Marstar"1 was used 
in this study as a control; 0. 015 Bacto brom cresol purple was added to the 
1
Trademark of Marschall Dairy Laboratory, Inc. , Madison, 
Wisconsin. 
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powder and the medium then was prepared according to the manufacture's 
directions (31). It was treated in the same manner as whey-based medium. 
For controlling the pH, a color reference was prepared at pH 6. 3 to 
insure the control of culture growth at pH 6. 3. When the color of the medium 
changed to the color of the reference, 20 percent NH
4
0H was added dropwise 
using a syringe in a Syringe pump 1 and the drops required to change the color 
back to the previous color were counted. The tube was shaken by a Variwhirl2 
mixer after each drop of base was added. This method was used with strains 
#1, #2, R-1 and KH along with their homologous phage races . The pH-recorder 
had been used for strain #3 studies. 
Neutralizer Volume Adjustment to Compensate for 
Different Concentrations of Added Phosphates 
Neutralizer volume adjustment was evaluated in order that results 
could be adjusted to compensate for differences in buffer capacity. To 800 ml 
of medium, phosphates were added to give a total of 2 percent added phosphates. 
Another 800 ml of medium was prepared without phosphates. Each medium was 
placed in a 1000 ml flask without adding culture or phage. The pH of each 
medium was measured. The pH of the medium with 0 percent phosphate was 
approximately 5. 9 while the pH of the medium with 2 percent phosphate measured 
1 . 
Syr1nge pump model 341 by Sage Instruments, Division of Orion 
Researc}: Inc. 
2 
Van Waters & Rogers, 1971 Catalog, No. 58810-006. 
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approximately 6.4. Therefore, 20 percent NH
4
0H was added to the medium 
with 0 percent phosphate until the two pH readings were identical. Next, both 
media were adjusted to pH 6. 3 with 20 percent lactic acid (v/v) and the amount 
was recorded. The next step converted the 20 percent lactic acid to the amount 
of 20 percent NH40H. The equivalents necessary to adjust the medium without 
adding phosphate would measure the buffer effect of the mineral salts in the 
original medium. The equivalents necessary to adjust the medium with the 
2 percent phosphates added would measure the buffer effect of the mineral 
salts in the original medium plus the added 2 percent phosphates. 
Comparison of Commercial PIM of Different Ages 
The effectiveness of aged PIM (PIM which had been stored at 25 C 
for about 4 years) and new PIM (which had been stored at 25 C for about 2 
months) were determined for all five strains of lactic streptococci along with 
their phage races and both were prepared in the same manner as PIM that was 
used in the pH indicator study. 
RESULTS AND DISCUSSION 
Determination of Phage Titer 
Phages were titered using the dilution end point method in sterile 
litmus milk (20). The dilutions of phages were incubated at 30 C for 16 and 
24 hr. The highest dilution which inhibited the litmus culture (did not allow 
color change of the litmus milk) provided an estimate of phage population. 
Data in Table 3 summarizes phage titers of phage #1 and #2 at 16 hr incuba-
tion and the other at 16 and 24 hr incubation. Some phage titers were lower 
after 24 hr indicating that resistant cells were active. The results indicated 
that the phage races were active enough to use i.n the experiments. 
Table 3. Phage titers estimated with a dilution end point method in sterile 
litmus milk (average of four replications) 
Phage races 16 hrs . 
Titer/ml 
24 hrs 
#1 108 
#2 108 
#3 109 
r-1 109 
kh 109 
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Effect of Added Phosphates Upon Lactic Culture Growth and Phage 
Inhibition in pH Recorder Controlled Whey-based Medium 
28 
The pH-recorder titrator was used for continuous fermentation con-
trol of lactic streptococcal culture. It automatically added a base to neutralize 
the acid produced by the culture in the fermentation flask. The amount of 
added neutralizer was automatically recorded continually. The amount of base 
added indicated the amount of acid produced which differed with each strain of 
the culture. The most active culture caused the earliest addition of base. The 
slope of the titration curve indicated acid production rate. 
Frozen-thawed medium 
Strain #3 grew very well in whey-based medium which had been frozen 
and thawed (Figure 1). It grew with added phosphate levels from 2 percent to 
0. 5 percent without apparent phage inhibition. One percent was the optimum 
level. At 0. 4 percent the culture was inhibited by phage probably because the 
medium provided insufficient phosphate to bind the free calcium available for 
phage proliferation. However, though delayed 15 hrs, when it started to 
produce acid it was at a comparable rate to that produced by the culture in the 
media with higher levels of phosphates. This suggests a protective capability 
of the medium. Though not adequate during initial incubation, it certainly 
proved superior growth to the control media with no added phosphates. The 
acid production at 15 hr was most likely due to the development of a phage 
resistant growth. The culture in the whey-based medium with 0 percent added 
phosphate and the NDM (with phage) were completely inhibited by phage due to 
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Figure 1. Effect of added phosphates upon lactic culture #3 growth and phage inhibition in whey-based medium 
which had been frozen and thawed. Control medium was 10% NDM; (-~)phage free control. !'.:> 
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Figure 2. Effect of added phosphates upon lactic culture #3 gr owth and phage inhibition in whey-based 
medimn. Control medium was 10% NDM;(- 0) phage free cont rol. v:> 0 
the high level of free calcium available for phage proliferation in the 
media. 
Fresh medium 
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Culture #3 grew well in the fresh whey-based medium at 1. 0 and 0. 7 
percent added phosphates; but at 2 percent the culture growth was slower than 
in the NDM control without phage. At 0. 5 percent added the culture was almost 
completely inhibited by phage; the development of acid after 17 hr is caused by 
a phage resistant mutant (Figure 2). The NDM medium indicated no appreciable 
acid development during the incubation period after inoculation with culture and 
homologous phage. 
A comparison of Figures 1 and 2 reveals that the frozen medium 
supported more rapid acid production than the fresh. A phosphate level of 
0. 5 percent permitted almost optimum growth of the culture in the frozen-
thawed medium while the culture was almost completely inhibited in the fresh 
medium. The 0. 4 percent was more protective in the frozen-thawed medium 
than the 0. 5 percent in the fresh. Possibly more denaturation of prote in by 
freezing made the medium more suitable for culture growth. The calcium salt 
balance may have also been a factor. However, fro7.en-thawed medium is not 
practical for use in a dairy plant. The culture inhibition at 2 percent added 
phosphates might have been due to excess phosphates, which have been shown to 
inhibit culture growth (27). Such a high buffer concentration is not required 
when pH control is utilized. 
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The nautralizer volume adjustment was evaluated to compensate for 
the buffering effects of the added phosphates. A comparison of results in 
Figure 3 was made to the data of Figure 2. 
Neutralize Volume Adjustment to Compensate for Different 
Concentrations of Added Phosphates 
Each whey-based medium had a different buffering effect due to the 
varied concentration of added phosphates though there was a constant concentra-
tion of mineral salts in the medium. It was our desire to detennine the buffer-
ing effect of only the added phosphates. The various media had initial pH values 
from 5. 9 to 6. 6. In order to detennine the buffering capacity near the control 
pH of 6. 3, all were adjusted to pH 6. 4 using either 20 percent NH
4 
OH or 20 per-
cent lactic acid. Then the amount of 20 percent lactic acid required to lower 
the pH to 6. 3 was detennined by titration. The volume of acid required was 
converted to equivalent volumes of 20 percent NH
4
0H and the ratio of volumes 
was used to estimate buffer capacity at the control pH (Table 4). These values 
were used to adjust all figures in this thesis to assure that differences observed 
were attributable to culture response effects and not to phosphate buffe r addi-
tions. The PIM value cannot be compared to the others because this repre-
sented a shift of pH from 6. 6 to 6. 3 rather than from 6. 4 to 6. 3. Titration 
curves run on PJM and 2 percent phosphated whey medium indicated the buffer 
capacity of the former to be approximately when computed based upon the 
15 latter (0. 928 x 
16 = 0. 871). 
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Table 4. The determination of the buffering effect of phosphates in the various 
media (ml of 10.7 Nor 20 percent NH40H equivalent to amount of 20 percent lactic acid required to adjust 800 ml of medium to pH 6. 3) 
Medium 
PIM (from 6. 6) 
2.0 
1.0 
0.75 
0.7 
0.5 
0.25 
ml 20 percent NH40H equivalent to 
amount of 20% lactic acid required 
to adjust the pH of the medium from 
6. 4 down to 6. 3 
1. 464 
0.928 
0.464 
0.348 
0.325 
0.232 
0.116 
stimulant blend and whey with different phosphate concentration. 
After adjusting Figure 2 to reflect the differences due to the buffer 
effect (Figure 3), it was determined that the optimum growth, with the greatest 
phage resistance was still between 0. 7 and 1. 0 percent for culture #3. When 
.comparing data of Figures 2 and 3, the effect of the added phosphates upon the 
results was determined to be insignificant. All subsequent figures were ad-
justed to compensate for this buffer effect in the media. 
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Figure 3. Effect of added phosphate upon lactic culture #3 growth and phage inhibition in whey-based 
medium after neutralizer volume adjustment to compensate for phosphate content. Control 
medium was 10% NDM; (-yl) phage free control. 
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Effect of Added Phosphates Upon Lactic Culture Growth 
and Phage Inhibition in a pH-Indicator 
Controlled Whey-Based Medium 
In order to save time, equipment, and to run many variables 
simultaneously, the pH indicator method was adopted. Bacto brom cresol 
purple was used as an acid indicator. It has a pK of 6. 3 and assumes a yellow 
color at pH 5. 2 and changes to a purplish color at pH 6. 8 (15). A comparison 
of the acid production activity of the cultures in the whey-based medium with 
varied amounts of phosphates was made with the activity in PIM. 
The optimum acid production for culture #1 (Figure 4) occurred at 
phosphate concentrations of 0. 75 and 1 percent. Two percent phosphate con-
centration retarded acid production somewhat (27). At levels of 0. 5, 0. 25 and 
0. 0 percent added phosphates the culture was inhibited by phage probably 
because the phosphate level was insufficient and there was a greater avail-
++ 
ability of free Ca . 
For culture #2 and KH, 1 percent to 2 percent phosphate produced 
optimum gro'v\ih levels; 0. 75, 0. 5, 0. 25 and 0. 0 percent phosphate allowed 
phage proliferation (Figures 5 and 6 respectively). The acid production of 
culture R-1 was almost identical in percent phosphate concentrations of 2, 1, 
0. 75 and 0. 5. R-1 was not protected from phage when the phosphate concen-
tration was 0. 25 and 0. 0 percent (Figure 7). 
Zottola and Marth (57), Hargrove et al. (24), and Cheng (5) have 
reported that the required phosphate treatment to inhibit phage proliferation 
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was at least 2 percent added phosphates. Most resistant types would require 
3 percent (24). Phosphate levels below 1. 6 percent would not inhibit phage (57). 
In all of these experiments the pH was not controlled. 
Figures 4, 5, 6, and 7 show that cultures #1, #2, KH and R-1 
respectively grew better in whey-based medium than in PIM under pH control. 
This was contrary to Cheng's work (5) in which there was no control of pH; 
the culture produced more acid in PIM than whey-based medium. The experi-
ment was performed again, making adjustments for the buffer effects in PIM 
to detect any effect by the buffer system. The result showed that buffering 
effect in PIM was insignificant. The thought that the age of the PIM might 
effect the growth of the lactic culture induced us to devise a test to dete rmine 
this factor. 
Effect of PIM Age Upon the Growth of Lactic Cultures 
Two batches of PIM were evaluated. New PIM was received on the 
20th of December, 1972, aged PIM was received in May, 1969. Both we r e 
used in the experiment on the 14th February, 1973. 
Tubes of new PIM (stored at 25 C for 2 months) and aged PIM (stored 
at 25 C for 4 years) were inoculated with the lactic streptococci and their 
respective phages. Bacto bromcresol purple was added and the pH was main-
tained at 6. 3 in the manner described for the pH indicator method. The 
accumulative total of 20 percent NH40H neutralizer added per hr was used as 
an indicator of acid production activity. The data on the figures have been 
converted to an 800 ml batch base (Figures 8 to 12). 
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Figure 8. Acid production rates by culture #1 in PIM of diffe r ent ages: 
1. PIM stored at 25 C for 4 years. 
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Figure 9. Acid production rates by cutlure #2 in PIM of different ages: 
1. PIM stored at 25 C for 4 years. 
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Figure 10. Acid production rates by culture #3 in PIM of different ages: 
1. PIM stored at 25 C for 4 years. 
2. PIM stored at 25 C for 2 months. 
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Figure 11. Acid production rates by culture KII in PIM of different ages: 
1. PIJ\I stored at 25 C for 4 years. 
2. PIM stored at 25 C for 2 months. 
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Figure 12 • . Acid prodLtction rates by culture R-1 in PIM of different ages: 
1. Pil\1 stored at 25 C for 4 years. 
2. PIM stored at 25 C for 2 months. fl::o. <:.Tl 
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There was very little difference between growth of cultures #1, #2, and 
KH (Figure 8, 9, and 11 respectively) in either new or aged PIM. However, 
culture #3 (Figure 10) grew in new PIM much faster than in the aged PIM. Con-
versely culture R-1 (Figure 12) grew slightly better in aged PIM. Culture #3 
grew much faster in the fresh PIM (Figure 10). This was probably due to some 
inhibitory substances or lack of growth factor in aged PIM for this particular 
strain. 
There was no significant difference between growing the culture in 
aged or new PIM. I confirmed that whey-based medium grew all cultures 
better than PIM under pH control and it was able to inhibit phage proliferation 
and this could not be attributed to an age effect of the culture. 
The differences between whey-based medium and PIM might be due 
to physical state (33, 34) and nutrient contents of the media. More work is 
needed to establish the reasons for these observations. 
-±7 
CONCLUSIONS 
1. The effect of added phosphates upon lactic culture growth and 
phage inhibition in pH controlled whey-based medium was demonstrated. The 
concentration of phosphates in whey-based medium needed to support optimum 
culture growth and to inhibit phage lysis depends on each strain and its phage 
race . Culture R-1 required 0. 5 percent; culture #1 and #3 required 0. 75; and 0. 7 
percent respectively; and culture iff2 and KH required 1 percent. 
2. All five strains grew better in whey-based medium than in the 
NDM and PIM (Marstar) controls. 
3. The frozen-thawed whey-based medium was more effective for 
culture growth and phage inhibition than the fresh one. Culture #3 in a frozen-
thawed medium with as low as 0. 5 percent added phosphates, but required 
0. 7 percent for comparable growth in fresh medium. 
4. The age of PIM up to four years made no significant difference 
upon the growth of the lactic streptococcal cultures. 
BIBLIOGRAPHY 
1. Adams, M. H. 1959 . Bacteriophages. Interscience Publishers, New 
York. 592 p. 
2. Anderson, E . B., and L. J. Meanwell. 1944. The problem of bacterio-
phage in cheese making. Pa r t I. Observations and investigations on 
slow acid production. J . Dairy Res. 13:58. 
3. Babel, F.J. 1947. Studies on the susceptibility of certain cheese 
cultures to the ac tion of bacteriophage. J. Dairy Sci. 30:507 . 
4. Babel, F. J. 1958. New developments in the propagation of lactic cul-
tures; culture m edia and bacteriophage inhibition. J. Dairy Sci. 
41:697. 
5. Cheng, C. T. 1970. Development of a whey-based lactic culture medium 
capable of bacteriophage inhibition. M.S. Thesis, Utah State University, 
Logan. 
48 
6. Cherry, W. B. , and D. W. Watson. 1949a. The Streptococcus lactis host-
virus system . I. Factors influencing quantitative measurement of the 
virus. J . Bacteriol. 58:601. 
7. Cherry, W. B. , and D. W. Watson. 1949h. The Streptococcus bctis 
host-virus system. II. Characteristic of virus growth and the effect 
of electrolytes on virus a dsorption. J . Bacteriol. 58:611. 
8. Cogan, T. M. 1971. Optimum growth parameters of lactic streptococci 
used for the production of concentrated cheese starter cultures. J. 
Appl. Bacteriol. 34:403. 
9. Collin, E. B., F. E . Nelson, and C . E. Parmelee. 1949. Nutrition of 
the lactic group of streptococci and its relation to bacteriophage multi-
plfcation .. J. Dairy Sci. 32:701. 
10. Collins, E. B., F. E. Nelson, and C . E. Parmelee. 1950. The reation 
of calcium and other constituents of a defined medium to proliferation of 
lactic streptococcus bacteriophage. J . Bacteriol. 60:533. 
11. Collins, E. B. 1962. Behavior and use of lactic streptococci and their 
bacteriophages. J. Dairy Sci. 45:552. 
12. Davis, J. G. 19,10. Present-day problems in cheese making. Dairy 
Indus. , June and August. 
49 
13. Davis, J.C. 1965. Cheese. Vol. I Basic Technology. The Whltefriars 
Press Ltd. , London. 463 p. 
14. Davis, B. D., R. Dulbecco, H. N. Eisen, H. S. Ginsberg, and W. B. 
Wood, Jr. 1967. Microbiology. Harper & Row, Publishers, 49 
East, 33rd. Street, New York, N.Y. 10016. 
15. Difco Manual. 1953. Dehydrated culture media and reagents for 
microbiological and clinical laboratory procedures. Difco Laboratories 
incorporated, Detroit 1, Michigan, U.S. A. 350 p. 
16 . Donald, R. D., H. M. El-Bisi, and W. Kitsky. 1965. Thermal destruc-
tion kinetics .Of a lactic streptococcal bacteriophage. Appl. Microbial. 
13:478 . 
17. Doull, D. P. , and L. J. Meanwell. 19 53. Phage supression and the 
cultivation of lactic streptococci. Proc. XIII th. Intern. Dairy Congr. 
3:1114. 
18. Elliker, P.R. 1951. The problem of bacteriophage in the dairy industry . 
J. Milk Food Techno!. 14:13. 
19. Foster, E. M., F. E. Nelson, M. L. Speck, R.N. Doetsch, and J. C. 
Olson, Jr. 1964. Dairy Microbiology. Prentice-Hall, Inc., 
Englewood Cliffs, New Jersey. 49 2 p. 
20. Frazier, W. C., E. H. Marth, and R. H. Diebel. 1968. Laboratory 
Manual for Food Microbiology, 4th ed. , Burgess Publishing Co., 
Minneapolis, Minn. 122 p. 
21. Gilliland, S. E •. and M. L. Speck. 1969. Biological response of lactic 
streptococci and lactobacilli to catalase. Appl. Microbjol. 17:797. 
22. Gyorgy, P. 1954. Bifidus factor. II. Its occurrence in milk from 
different species and in other natural products . Arch. Biochem. 
Biophys. 48:202. 
23. Hargrove, R. E. 1959. A simple method for eliminating and controlling 
bacteriophage in lactic starters. ,J. Dairy Sci. 42:906. 
50 
24. Hargrove, R. E., F. E. McDonough and R. P. Tittsler. 1961. Phosphate 
heat treatment of milk to prevent bacteriophage proliferation in lactic 
cultures. J. Dairy Sci. 44:1799. 
25. Henning, D. R., W. E. Sandine, P. R. Eliiker, and H. A. Hays. 1965. 
Studied with a bacteriophage inhibitory medium. I. Inhibition of phage 
and growth of single strain lactic streptococci and leuconstoc. J. MiLk 
Food Technol. 28:273. 
26. Hunter, G. J. E. 1946. A simple agar medj_um for the growth of lactic 
streptococci: The role of phosphate in the medium. J. Dairy Res. 
14:383. 
27. Kadis, V. W. , F. J. Babel. 1962. Effect of addition of phosphates to 
milk on development of bacteriophage and growth of lactic cultures. 
J. Dairy Sci. 45:432. 
28. Kay, D. 1956. The effect of bivalent metals on the stability of a typhoid 
bacteriophage and its reaction with its receptor. Brit. J. Exptl. Pathol. 
37:560. 
29. Kempe, L. L., H. 0. Halvorson, and E. L. Piret. 1950. Effect of 
continuously controlled pH on lactic acid fermentation. Industr. Engng. 
Chern. 42:1852. 
30. Linklater, P. M., and C. J. Griffin. 1971. Growth of Streptococcus 
lactis in milk in a continuously fermenter. J. Dairy Res. 38:127. 
31. Marschall Dairy Laboratory Inc., The Marstar System. Madison, 
Wisconsin. 18 p. 
32. Marschall Division, Miles Laboratories, Inc., March 2, 1973. The New 
Marstar M.S. M., The Cheese Reporter. Madison, Wisconsin. 12 p. 
33. Marth, E. H. 1962. Certain aspects of starter culture metabolism. 
J. Dairy Sci. 45 :1271. 
34. Maxcy, R. B. , and R. C. Chandan. 1962. Inhibitory effects of fatty 
acids and other surface-active compounds on streptococcus lactis. 
J. Dairy Sci. 45:654. 
35. Moseley, W. K., and R. L. Winslow. 1959. A study of potential causes 
of culture failures in cheese factories. J. Dairy Sci. 42:906. 
36. Parmelee, C. E., P. H. Carr, and F. E. Nelson. 1949. Electron micro-
scope s~udies of bacteriophage active against Streptococcus lactis. J-. 
Bacterial. 57:391. 
51 
37. Peebles , M. M., S. E. Gilliland, and M. L. Speck. 1969. Preparation 
of concentrated lactic streptococcus starters. Appl. Microbial. 17:805. 
38. Pont, E. G. and G. L. Holloway. 1968. A new approach to the production 
of cheese starter. Aust. J. Dairy Techno!. 23:22. 
39. Potter, N. N., and F. E. Nelson. 1952 . Effects of calcium on prolifera-
tion of lactic Streptococcus bacteriophage. I. Studies of plaque formation 
with a morlified plating technique. J. Bacterial. 64:105. 
40. Potter, N. N., and F. E. Nelson. 1952. Effects of calcium on prolifera-
tion of lactic Streptococcus ba.cteriopha.ge. II. Studies of optimum con-
centrations in a partially define medium . J. Bacterial. 64:113. 
41. Potter, N. N., and F. E. Nelson. 1953. Role of calcium and related 
ions in proliferations of lactic Streptococcus bacteriophage. J. 
Bacterial. 66:608. 
42. Reiter , B. 1949. Lysogenic strains of lactic streptococci. Nature 
164:667. 
43. Hounny, Z. D. 1964. Whey starter v. s. milk starter advantages and 
disadvantages. Marschall Dairy Laboratory lnc., Madison, Wisconsin. 
8 p. 
44. Sellars, R. L., ru1d F. J. Babel. 1970. Culture for the manufacture of 
dairy products. Chr. Hansen's Laboratory Inc., 9015 West Maple ~i'treet, 
Milwaukee, Wisconsin 53214. 64 p. 
45. Shew, D. I. 1949. Effect of calcium on the development of streptococcal 
bacteriophages. Nature 164:492. 
46. Sing, E. L., P. R. Elliker, and W. E. Sandi e. 1964. ComparntivP 
der.;;tructbn of air-borne lactic bacteriophages by various germicides 
applied as aerosols. J. Milk Food Technol. 27:129. 
47 . .Sirny, R. J., 0 . R. Brackkan, M. Klungsoyr , and C. A. ElvchjC'm. 1954. 
Effect of potassium and sodium in microbiological assay media. J. 
Bacterial. GH:103. 
48. Snell, E. E. 1952. The nutrWon of the lactic acid bacteria. Drrctcriol. 
Rev. 16 :235. 
49. Vedamuthu, E. R., and G. W. Reinbold. 1967. Starter cultures for 
Cheddar cheese. J. Milk Food Techno!. 30:247. 
50. WhitehBad, II. R., and C. A. Cox. 1934. Observations on sudden changes 
in the rate of acid formation in milk by cultures of lactic streptococci. 
J. Dairy Res. 5:197. 
51. Whitehead, H. R., and G. J. E. Hunter. 1939. Starter cultures for 
cheese manufacture maintenance of aci -producing actinty in cultures 
of lactic streptococci. J. Dairy Res. 10:120. 
52. Whitehead, H. R., and G. J. E. Hunter. 1939. Bacteriophage org mism 
relationships in the group of lactic streptococci. J. Dairy Res. 10.-103. 
53. Whitehe::~d, H. R.., and G. J. E. Hunter. 1941. Starter cultures for 
cheese manufacture: Further attempts to eliminate failures due to bactcr o-
phage. ,J. Dairy Res. 12:63. 
54. Whitehead, H. R. , and G. J. E. Hunter. 1945. Bacteriophag·c infecnon 
in chnnse manufacture. .T. Dairy Res. 14:64. 
5S. Whitchnnd, H. R.., and C. J. E. Hunter. 1945. Bacteriophage in chee8e 
rn:wufactnre cont::~mination from farm equipment. <T. Dairy .R.cs. 15:112. 
fin. Yeterian, M., and .J. J. <Tezeski. l91in. Thermal ina.ctlva.t1on rp lact ,, 
bacteriophages. J. Dairy Sci. 49:704. 
57. Zottola, E. A., and E. H. Marth. 196G. Dry-blended phosphate-treated 
mi1k media for inhibition of bR.cteriophages active against lactic 
Rtreptococci. <T. Dairy Sci. 49:1343. 
